Abstract Changes in the cerebello-thalamo-cerebral projection following hemicerebellectomy were investigated in 16 rats by laminar field potential analysis of cerebello-cerebral responses in the cerebral cortex and by unitary recording of antidromic responses of cerebellar nuclear neurons to stimulation of the thalamus.In contrast to the occurence of an exclusively contralateral cerebello-cerebral response in intact rats,a significant bilateral cerebello-cerebral response could be evoked in all 8 rats hemicerebellectomized before 6 days of age(early hemicerebellectomy).On the other hand,in all 5 rats operated on at 8 to 15 days of age(late hemicerebellectomy)and in the 3 rats operated on in adulthood,the cerebellocerebral response was evoked only contralaterally just as in intact rats. Unitary recordings of antidromic responses of cerebellar nuclear neurons revealed that bilateral or ipsilateral cerebellothalamic projection neurons were remarkably more numerous in early hemicerebellectomized rats than in controls(P<0.001).Such neurons were less frequently found in late hemicerebellectomized rats,but they were still more numerous than in controls(P<0.05).Absence of the ipsilateral cerebello-cerebral response in late hemicerebellectomized rats indicates that even though bilateral or ipsilateral cerebellothalamic projection neurons may exist in these rats more numerously than in intact rats,they may not be sufficient in number or in efficiency to mediate a detectable response.
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Previous studies (KAWAGUCHI et al.,1979a,b) provided corroborating evidence for axonal sprouting of cerebellothalamic neurons in kittens following neonatal hemicerebellectomy,which accounts for the occurrence of a marked ipsilateral cerebello-cerebral response in the operated animals in contrast to absence of such a response in intact animals. Lim and LEONG(1975 ),LEONG(1977 ), and CASTRO(1978 reported morphological findings that destruction of the deep cerebellar nuclei or removal of one half of the cerebellum in rats in an early postnatal period induced aberrant cerebellothalamic and cerebellorubral projections. The present report describes an electrophysiological investigation of such an aberrant cerebellothalamic projection in neonatally hemicerebellectomized rats. Bilateral cerebello-cerebral responses following neonatal hemicerebellectomy Stimulation of the cerebellar nucleus in intact rats (YAMAMoTO et al.,1979 ) as in cats (SASAKI et al.,1972) and kittens (KAwAGUCHT et al.,1979a )induced a marked response in the cerebral cortex only contralaterally.By contrast,in all 8 rats whose hemicerebellum had been removed before 6 days of age,a significant cerebello-cerebral response could be evoked bilaterally on stimulation of the lateral or the interpositus nucleus of the spared hemicerebellum.On the other hand,in all 8 rats hemicerebellectomized after 8 days of age,the cerebello-cerebral response was evoked only contralaterally just as in intact animals.Ages at the time of surgery(A)and days after surgery at the time of recording(B)in these 16 animals,expressed as A OP B,were as follows:0 OP 29,0 OP 32,0 OP 95, 1 OP 127, 3 OP 84, 3 OP 104, 3 OP 123, 6 OP 120, 8 OP 180, 9 OP 279, 11 OP 103, 13 OP 124, 15 OP 280, adult OP 138, adult OP 145, and adult OP 151. Examples of the cerebello-cerebral response in 3 hemicerebellectomized rats are illustrated in Fig.1 :they are laminar field potentials recorded from the cerebral cortex contralateral(C-Cx)or ipsilateral(I-Cx)to the spared hemicerebellum.Records of the left and the middle panel were obtained from 2 rats. In these rats the hemicerebellum was removed at 3 and 6 days of age,and record- Examples of the bilateral and ipsilateral cerebellothalamic projection neurons. The inset shows experimental arrangements:stimulating electrodes were placed in the thalamic ventrolateral nucleus on both sides(S1 and S2)and a recording electrode (R) in the lateral or the interpositus nucleus of the remaining hemicerebellum(CN).B: branch point.t1,t2
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and t3:conduction time in each of 3 segments of an axon.Neurons shown in A and B were activated antidromically from both Si and S2.S1+S1 or S2+S2 show double shock stimulation at a short time interval.Si+S2 or S2+S1 show impulse collision.An example of neurons activated only ipsilaterally is shown in C.
The ipsilateral cerebello-cerebral response was always smaller than the contralateral cerebello-cerebral response of the corresponding site.
Neuronal connections mediating the ipsilateral cerebello-cerebral response As would be expected from previous studies in kittens (KAWAGUCHI et al., 1979a,b) ,cerebellar nuclear neurons projecting bilaterally or ipsilaterally to the thalamus were remarkably more numerous in the neonatally hemicerebellectomized rats than in controls.This was evidenced by unitary recordings of the cerebellar nuclear neurons with antidromic activation from stimulation of the thalamus. Illustrated in Fig.3A and B are two examples of the bilateral projection neuron which was activated antidromically on stimulation of the thalamic ventrolateral nucleus of either side(S1 or S2 in the inset diagram)with the absolute refractory period of 0.73 msec(A)and 0.64 msec(B).The antidromic response was identified on the basis of fixed latency and faithful follow to double shock stimulation at an interval of less than 1 msec.Owing to axonal bifurcation,these neurons showed impulse collision between stimulation of S1 and S2 at a certain time interval(1.11 msec for A and 1.43 msec for B).With bilateral projection neurons, conduction times of an axon before and after the branch point(t1,t2,and t3 in the 11 OP 150,and 13 OP 270.These animals were divided into 3 groups:group A consisted of 5 rats hemicerebellectomized at 0 to 4 days of age;group B,4 rats hemicerebellectomized at 8 to 13 days of age;group C,4 intact adult rats.The number of neurons sampled and latency distribution of the antidromic response in the 3 groups are illustrated in Fig.4A-C .In each group,neurons activated only contralaterally,those activated only ipsilaterally,and those activated bilaterally are distinguished.Of the 120 units sampled in group A,84(70%)were activated only contralaterally,28(23.3%)only ipsilaterally,and 8(6.7%)bilaterally. Eighty-nine(83.2%)of the 107 units from group B were activated only contralaterally,12(11.2%)only ipsilaterally,and 6(5.6%)bilaterally.In group C,only one(0.8%)of the 118 sampled units was activated ipsilaterally,and the remaining 117 units(99.2%)were activated only contralaterally.The ratio of neurons activated bilaterally or ipsilaterally was significantly larger in group A(P<0.001) and in group B(P<0.05)than in group C.The difference between group A and group B was also significant(P<0.02).
With respect to the latency distribution of the antidromic responses in the hemicerebellectomized rats,the ipsilaterally or bilaterally activated neurons differed little from the contralaterally activated neurons.This is similar to the results obtained in the hemicerebellectomized kittens (KAwAGUCHI et al.,1979a) .
The remarkable increase in the number of cerebellar nuclear neurons projecting bilaterally or ipsilaterally to the thalamus appears to account for the occurrence of a significant ipsilateral cerebello-cerebral response in the rats whose hemicerebellum had been removed before 6 days of age.The absence of such a response in the rats operated on after 8 days of age indicates that the increase in the number of bilateral or ipsilateral projection neurons in group B may not be sufficient to mediate a detectable cerebello-cerebral response.Alternatively,a synaptic connection of aberrant ipsilateral cerebellothalamic projection cannot be fully achieved in the late hemicerebellectomized rats.
DISCUSSION
The present results agree with morphological observations in rats (Lim and LEONG,1975; LEONG,1977; CASTRO,1978) that the ipsilateral cerebellothalamic projection increased following neonatal hemicerebellectomy and are consistent with electrophysiological findings in kittens (KAwAGUCHI et al.,1979a) that the increased ipsilateral cerebellothalamic projection was responsible for occurrence of a marked ipsilateral cerebello-cerebral response in the operated animals.For abundance of ipsilateral cerebellothalamic projections in the operated animals, the following four possible explanations can be offered.1)Ipsilateral cerebellothalamic fibers which might exist in a considerable number in the newborn period and normally disappear during development would persist as a result of hemicerebellectomy in an early postnatal period.2)The pre-existing ipsilateral cerebellothalamic fiber terminals,even though quite sparse,might proliferate in the Vol.31,No.2,1981 thalamus deafferentated from crossed cerebellothalamic fibers.3)Axon collaterals sprouted from contralateral cerebellothalamic fibers would be distributed ipsilaterally.4)Some of the developing cerebellofugal axons would change their course and project ipsilaterally to the thalamus.The first possibility appears unlikely since distribution of cerebellar efferents of neonatal animals does not differ from that of adult rats (LEONG,1977) .As to the second possibility,the remarkable increase in the number of cerebellar nuclear neurons activated antidromically from the ipsilateral thalamus is difficult to ascribe to the proliferation of the pre-existing terminals as discussed in the previous study (KAWAGUCHI et al., 1979a) .By the analogy of the results to those obtained in kittens (KAWAGUCHI et al.,1979a,b) ,the third possibility appears most likely,although we have no evidence to rule out the fourth possibility.The latter possibility was first speculated by LIM and LEONG(1975) on the basis of their finding that aberrant ipsilateral cerebellothalamic fibers take courses uncrossed from the cerebellum through the thalamus.However,their finding was disputed by CASTRO(1978) who observed recrossed ipsilateral cerebellothalamic fibers but no uncrossed fibers:the recrossed fibers are crossed once at the decussation of the brachium conjunctivum and recrossed in the thalamic massa intermedia,in agreement with the results in kittens (KAWAGUCHI et al.,1979a,b) .
